A monoclonal antibody T21 specifically recognizes the mouse epididymal Sialoglycoprotein of 54,000 dalton (SGP54). The localization of SGP54 was studied in the epididymal duct of germ cell-free WBB6F1W/WV mutant mice (W/WV mice) by avidin biotin complex (ABC) immunohistochemistry using T21. None of the testis cells showed immunoreaction. No spermatozoa were present in the epididymal duct lumen. The duct luminal fluid was stained weakly in the proximal corpus epididymidis, and strongly in the cauda epididymidis. Degenerated cells appeared in the duct lumen. The degenerated cells located at the corpus epididymidis showed strong immunostaining in the cytoplasmic region, while the degenerated cells located at the cauda epididymidis showed weak immunostaining. Immunoreaction was also detected between and on microvilli along the epididymis, the intensity being very strong at the distal caput and proximal corpus epididymidis. Invaginations and coated vesicles at the luminal surface of the principal cells were frequently immunostained at the corpus epididymidis. Giant inclusions frequently occurred in the principal cells of the distal caput and corpus epididymidis, with these being very intensely immunostained. These inclusions are ultrastructurally confirmed to be giant multivesicular bodies reported by ABE et al. (1984) in the mouse with the efferent duct cutting. These results suggest that the majority of excess SGP54 are absorbed by the principal cells at the distal caput to corpus epididymidis and catalyzed in the giant multivesicular bodies.
Summary.
A monoclonal antibody T21 specifically recognizes the mouse epididymal Sialoglycoprotein of 54,000 dalton (SGP54). The localization of SGP54 was studied in the epididymal duct of germ cell-free WBB6F1W/WV mutant mice (W/WV mice) by avidin biotin complex (ABC) immunohistochemistry using T21. None of the testis cells showed immunoreaction. No spermatozoa were present in the epididymal duct lumen. The duct luminal fluid was stained weakly in the proximal corpus epididymidis, and strongly in the cauda epididymidis. Degenerated cells appeared in the duct lumen. The degenerated cells located at the corpus epididymidis showed strong immunostaining in the cytoplasmic region, while the degenerated cells located at the cauda epididymidis showed weak immunostaining. Immunoreaction was also detected between and on microvilli along the epididymis, the intensity being very strong at the distal caput and proximal corpus epididymidis. Invaginations and coated vesicles at the luminal surface of the principal cells were frequently immunostained at the corpus epididymidis. Giant inclusions frequently occurred in the principal cells of the distal caput and corpus epididymidis, with these being very intensely immunostained. These inclusions are ultrastructurally confirmed to be giant multivesicular bodies reported by ABE et al. (1984) in the mouse with the efferent duct cutting. These results suggest that the majority of excess SGP54 are absorbed by the principal cells at the distal caput to corpus epididymidis and catalyzed in the giant multivesicular bodies. (OLSON and HINTON, 1985; SHABANOWITZ and KILLIAN, 1987; ROBAIRE and HERMO, 1988; DACHEUX et al., 1989) . Accumulating evidence suggests that specific glycoprotein is secreted in the proximal region of the epididymal duct, coats the spermatozoa, and contributes to sperm maturation in the epididymis (LEA et al., 1978; OLSoN and HAMILTON, 1978; BROOKS and HIGGINS, 1980; FAYE et al., 1980; JONES et al., 1980; ACOTT and HOSKINS, 1981; OLSON and DANZO, 1981; VERNON et al., 1982 VERNON et al., , 1985 KOPECNEY et al., 1984; SYLVESTER et al., 1984; THOMAS et al., 1984; T0SHIM0RI et al., 1988 , 1990a . On the other hand, excess epididymal secretions are known to be absorbed by the epididymal epithelium (MooRE and BEDFORD, 1979; ABE et al., 1982 ABE et al., , 1983a ABE et al., , 1984 TEMPLE-SMITH, 1984; DJAKIEW et al., 1984 DJAKIEW et al., , 1985 GERARD et al., 1988; HERMO et al., 1988) .
Recently, the authors established a cell line to produce a monoclonal antibody which specifically recognizes a sialoglycoprotein of 54,000 dalton (SGP54) coating the sperm surface (TOSHIMORI and EDDY, 1985; TOSHIMORI et al., 1990a) . Our previous immunohistochemical study suggests that SGP54 is secreted by the distal caput epididymal epithelium and then binds to the sperm flagellar surface. This is based on the ovservations that the molecule first appeared on the sperm flagellar surface at the distal caput epididymidis, and that stereocilia (brush border) from the distal caput to distal corpus epi-*This study was supported by the Japanese Ministry of Education, Science and Culture (Grant -in-aid for general scientific research No. 62570011 to K. T., No. 01570014 to C. O., and grant-in-aid for the encouragement of young scientists No. 63770022 to S. A. didymidis were first immunostained (TOSHIMORI et al., 1988) . ABE et al. (1982) divided the mouse epididymal duct into 5 segments: Segments I, II and III constitute the head of the epididymis; Segment IV the body; and Segment V the tail. Using periodic acid Schiff (PAS)-positive material as a marker, ABE et al. (1982 ABE et al. ( , 1984 reported that the epididymal specific glycoprotein is secreted by the principal cells in Segment II and that the excess PAS-positive material is accumulated in the duct lumen and absorbed by the principal cells of Segment IV. However, PAS reacts with a variety of glycoconjugates, and therefore the results obtained only by the PAS staining mathod cannot identify the glycoconjugate bound to spermatozoa. In order to understand the relationship between the epididymal specific glycoprotein SGP54 and the function of the epididymal epithelium, we studied SGP54 distribution using an immunohistochemical method in germ cellfree W/W" mutant mice. The W/W" mice were originally developed to study immunological phenomena due to the deficiency of mast cells (KITAMURA et al., 1978) , but these mutant mice are known to be germ cell-free and sterile because of spermatogenesis deficiency, and have been used for research in the male reproductive field (KuwATA et al., 1977; NAGANO et al., 1977; KURODA et al., 1989) . Although analytical data on the W/W" mouse epididymal functions are limited in the literature, the structural formation of Sertoli cells is normal (NAGANO et al., 1977), and the androgen synthesis of Leydig cells has been reported to be active with normal androgen levels in serum (KUWATA et al., 1977; KURODA et al., 1989) .
MATERIALS AND METHODS
A total of 13 male WBB6F1W/WV mice were maintained in an automatically controlled environment (12h light/12h dark, 20t) until 7-16 weeks of age.
For immunohistochemistry, 6 mice were perfused with Bouin's fixative through the thoracic aorta. The testes and epididymides were removed, fixed in the same fixative overnight, dehydrated with ethanol, embedded in paraffin, and cut serially at 5 jcm thicknesses. The sections were put onto gelatin-coated glass slides and deparaffinized for the immunohistochemical study with the avidin-biotin complex (ABC), as described elsewhere (TOsHIMORI et al., 1988) ; the treatment was basically according to the supplier's protocol (VECTASTAIN TM ABC Kit, Vector Laboratories, California, USA) with slight modifications. In brief, intrinsic peroxidase activity and non-specific binding reaction were inhibited by pretreatment of the sections with 0.3% hydrogen peroxidase in methanol and goat serum, respectively. The sections were then covered with the antibody T21 for 1h, incubated in biotinylated goat antiserum against mouse immunoglobulin M for 1h, treated with horseradish peroxidase-conjugated biotin complexed with avidin for 30min, and prepared with 3,3'-diaminobezidine containing 0.009% H2O2 to make the antigen-antibody complex visible. All procedures were done in a humidified chamber. Washing was done between each step with phosphate-buffered saline (PBS; 136.8 mM N aCl, 2.7mM KC1, 8.1mM N a2 HPO4, 1.5mM KH2PO4, pH 7.4). Control sections were treated the same as above, omitting the antibody T21.
For electron microscope immunocytochemistry (ABC immunocytochemistry), 4 mice were perfused with Zamboni fixative, and the testes and epididymides were removed. The organs were cryosectioned at 20-40um and immunohistochemically stained with the ABC method as described above. The sections were then post-fixed with 2% osmic acid in PBS for 30 min, washed, dehydrated and embedded in Epon 812. Two sum-thick Epon sections were observed in order to select sections with immunohistochemically stained objects, and the sections were re-embedded in Epon 812. Ultrathin sections were obtained from these blocks. Ultrathin sections for conventional electron microscopy were prepared from 3 mice as described in our accompanying paper (T0sHIMORI et al., 1990b) . These ultrathin sections were either unstained or stained with uranyl acetate and lead citrate, and observed under a JEOL 2000X electron microscope with an 80kV accelerating voltage.
RESULTS
No spermatogenesis occurred in the seminiferous tubules, which consisted of only one type of cell, the Sertoli cells (Fig. la) . Peritubular myoid cells and interstitial cells (Leydig cells) appeared morphologically normal (Fig. lb and unpublished data) . No significant immunoreaction was observed in any testis cells by ABC immunohistochemistry (Fig. lc, d ). The W/WV mouse epidiymal duct was divided into five segments according to the criterion by TAKANO (1980) and ABE et al. (1982) : each segment is localized in the proximal caput (Segment I), middle caput (Segment II), distal caput (Segment III), corpus (Segment IV), and cauda (Segment V) of the epididymis (Fig. 2) .
The epididymal duct lumen did not contain spermatozoa, but possessed degenerated cells, cell fragments and particulate substances surrounded with flocculent and amorphous materials (Fig. 3a-d) . The degenerated cells were rarely encountered in Segments I-III (Fig. 3a) . The occurrence of the degener- Fig, 2 .
Diagram of the epididymis displaying the segment used in this study.
D. EFFERENTES
CAPUT CORPUS CAUDA ated cells, cell fragments and particulate substances per unit area increased along the epididymal duct and reached a maximum at Segment V ( Fig. 3a-d) . The majority of the degenerated cells had pyknotic nuclei or nuclei with chromatin clumping (Fig. 3c, d ). The degenerated cells were usually 20-40um in diameter ( Fig. 3b-d) .
Epididymal duct fluid showed no immunoreaction in Segments I-III (Fig. 4a, b) , a weak reaction in proximal Segment IV (Fig. 4c, d) , an intermediate reaction in mid Segment IV (not shown) and a strong immunoreaction in distal Segment IV (not shown) and Segment V (Fig. 4e, f) .
Both the degenerated cells and the brush border (stereocilia) started to show an immunoreaction in distal Segment III (Fig. 4a, b) , but the region where the brush border was first immunostained was more proximal than the region where the degenerated cells were first immunostained (Fig. 4a, b , and unpublished data). The immunostaining intensity of both the degenerated cells and brush border increased in proximal Segment IV (Fig. 4c, d) , while the immunostaining intensity decreased in Segment V (Fig. 4e, f) . The degenerated cells showed diffuse immunostaining in the cytoplasm excepting the nuclear region and small particulate regions (Fig. 5a) .
Electron microscopy revealed that the cytoplasmic region of the degenerated cells was filled with vesicles, vacuoles, small granular structures, and degenerating organella such as mitochondria and Golgi complexes (Fig. 5b, c) . The plasma membrane of the degenerated cells had already broken (Fig. 5c) . Sometimes a nipple-like protrusion, a micropapilla, was protruded toward the degenerated cells (Fig. 5b) as reported by ABE et al. (1984) . However, we could not detect ductules in the micropapilla. There were many invaginations, coated pits and coated vesicles at the luminal surface of the principal cells in Segment IV (Fig. 6a) . Immunoperoxidase electron microscopy revealed that immunostaining was detected not only between and on microvilli, but also in invaginations, coated pits and coated vesicles of the principal cells (Fig. 6b) . Giant inclusions, which showed a strong immunoreaction by ABC immunohistochemistry, were sporadically detected as round structures in the center of Unstained. Immunoreactive material (SGP54) is present in invaginations (arrowheads) and vesicles (arrows). These vesicles presumably correspond to such coated vesicles as seen in Figure 6a . Immunoreaction is also seen on or between stereocilia (S). X21,600
Fig. 7. Giant inclusions (multivesicular bodies) in the epididymal epithelium in Segment IV. a. Bright field image of ABC immunohistochemistry without counter staining. An inclusion contains immunostained granular substances. S stereocilia. x1,400. b. Electron micrograph showing two multivesicular bodies (asterisks). Double stained with uranyl acetate and lead citrate. There are many small granular materials (small arrows), heterogenous structures (arrowheads) and a crystalloid structure (large arrow). x4,100. c. High magnification electron micrograph showing the content of the multivesicular bodies. Double stained with uranyl acetate and lead citrate. Crystalline structures have about 10nm periodicity (small arrows). Small granules (circles) appear to be 40-50nm in diameter with medium electron-density. The majority of heterogenous substances (large arrows) are electron-dense and irregular in shape. Asterisk indicates amorphous structure. x60,000
Distribution of SGP54 347 the epithelium of Segment III and most frequently in proximal to middle Segment IV (Fig. 7a) . These prominent inclusions were generally up to 20pm in diameter (Fig. 7a) . Electron microscopy confirmed that these immunoreactive inclusions were multivesicular bodies; they sometimes occupied quite a large area of the cytoplasm. Larger multivesicular bodies were located in the deeper area of the cytoplasm, while smaller ones were usually present in the apical area (Fig. 7b) . The multivesicular bodies contained two types of electron-dense substances; smaller ones seemed to be vesicular structures of uniform size, measuring 40-50 nm in diameter, while larger ones were irregular in shape, measuring 500-600 nm in diameter (Fig. 7c) . The latter structure was quite homologous to the "heterogenous figures" reported by ABE et al. (1984) . Amorphous structures and crystalline structures having about 10 nm periodicity were also seen in the multivesicular bodies (Fig. 7c) .
No significant immunostaining was observed in any control sections.
DISCUSSION
Many degenerated cells occurred in the duct lumen of the W/WV mouse epididymis as shown in this study. The majority of the degenerated cells are thought to be exfoliated from the principal cells, because the morphological features are quite similar to the principal cells (ABE et al., 1983b) . The reason why the cytoplasm of the degenerated cells is diffusely immunostained is probably due to the permeation of excess SGP54 molecule in the duct fluid through the broken cell membrane. It is not a plausible possibility that SGP54 should be secreted by holocrine secretion, because the cytoplasm of any normal epididymal epithelial cells has showed no significant immunostaining as described in this study or in our previous report (T0sHIM0RI et al., 1988) . ABE et al. (1982 ABE et al. ( , 1983b ABE et al. ( , 1984 reported that many PAS-positive inclusions were multivesicular bodies, and appeared in the corpus epididymidis when sperm were depleted from the epididymal duct. Further more, ABE et al. (1984) reported that the multivesicular bodies contained amorphous materials, heterogenous figures, crystalline structures and vesicles 40-100 nm in diameter. In this study, we also identified similar structures in giant inclusions, these being thought to be ultrastructurally giant multivesicular bodies. In addition, we recently confirmed that these giant inclusions contained acid-phoshatase (data to be published elsewhere). The giant multivesicular bodies observed in this study are thought to be identical to the giant multivesicular bodies reported by ABE et al. (1984) . The present study further clarified that the giant multivesicular bodies contain SGP54.
Under the conditions of this study, it is quite likely that the epididymal epithelial cells produce a large amount of SGP54, but the secreted SGP54 is not destined to be utilized by sperm. As a result, the epithelial cells of the distal caput and corpus epididymidis must absorb the excess SGP54 accumulated in the duct lumen. Such an epididymal condition is similar to that in the study of ABE et al. (1984) , observing the mouse with efferent duct cutting.
As to the internalization of excess material accumulated in the lumen, ABE et al. (1984) suggested that ductules or tubules in the micropapilla transport the luminal material (coagglulated PAS-material) into the multivesicular bodies. In this study, however, we could not find typical micropapilla containing ductules, although we found many invaginations and coated vesicles intensely immunostained at the luminal surface of the principal cells. This evidence implies that the majority of the excess SGP54 accumulated in the duct fluid is absorbed by pinocytosis or through invaginations.
If so, however, several questions arise; namely, 1) how the giant multivesicular bodies containing numerous electron-dense granules and heterogenous figures are formed without typical micropapilla, and 2) how the degenerated cells or cell fragments accompanying SGP54 are catalyzed. In addition, some giant multivesicular bodies in this study are apparently much bigger than those reported by ABE et al. (1984) : up to 20pm in diameter in the former, while up to 10pm in diameter in the latter. Furthermore, degenerated cells and their fragments appeared to occur more frequently in this study than in the mouse with efferent duct cutting (ABE et al., 1984) . Therefore, when we consider the morphological differences between these two experiments, the possibility cannot be completely excluded that the excess SGP54 accompanying degenerated cells and the fragments may be internalized not only by pinocytosis but also phagocytosis and then form giant multivesicular bodies. In fact, cytoplasmic droplets or their fragments released from the possum spermatozoa are known to be internalized by the phagocytosis of principal cells (TEMPLE-SMITH, 1984) . Further investigations will be necessary to examine the possibility.
T21 frequently reacts more strongly to the content of the giant multivesicular bodies than to the duct luminal fluid. Such an immunostaining heterogeneity on the same plane of the epididymis is probably not only due to a different stage of SGP54 condensation but also due to the different degree of masking of the epitope. The epitope of SGP54 molecules near the secretion site is more strongly masked, resulting in weak immunostaining. Such a masking of the epitope is apparently due to sialyl residues of SGP54 molecule (T0sHIMORI et al., 1990a) . In contrast, SGP54 molecules in the giant multivesicular bodies are thought to be gradually condensed, concomitantly undergoing unmasking due to degradation. Unmasking allows the antibody to easily recognize the epitope, resulting in a strong immunostaining. Such a curious immunostaining in the epididymis has also been reported in normal mice (T05HIM0RI et al., 1990b) .
